and sustain performance in older children and adults (for example [5, 6, 9] ). Perhaps these different patterns of responsiveness reflect age-related differences in the neural plasticity of the brain [16] . Are younger brains more amenable to training and therefore more responsive to lower intensity training regimes? Will the training effects in Wass et al.'s [1] study be sustained over the same period as they are in older children (three months [9] or six months [6] ) and adults (three months [5] ), or will they dissipate more rapidly?
So, will Wass et al.'s [1] study convince the sceptics that it is possible to implement 'brain training' with infants? It is certainly a bold first step, but it would be unwise to draw far-reaching conclusions at this stage. What it does show, however, consistent with an accumulating body of evidence from across the world, is that it is possible to enhance and modify cognitive function to some degree via direct training [5] [6] [7] [8] [10] [11] [12] . Whilst nobody is claiming that cognitive training is a panacea, it is difficult to deny that repeated practice improves performance both on trained and closely related cognitive tasks.
These exciting new developments hold the promise of remediating the cognitive deficits associated with a wide range of disorders, as well as boosting the cognitive reserves of the healthy, but scientists have a responsibility to exercise caution. To date, training gains are restricted to highly controlled experimental paradigms. As yet, very little is known or understood about how gains resulting from these training programs might (or more importantly, might not) transfer to meaningful improvements in an individual ' 
Doris Bachtrog
In many species with separate sexes, gender is determined by a pair of heteromorphic sex chromosomes. In animals, separate sexes are common, and sex chromosomes have evolved independently in a variety of species [1] . Animal sex chromosomes, particularly those of model organisms such as Drosophila and mammals, have been extensively studied and share several common features [2, 3] . Gene densities of X chromosomes are similar to autosomes, while the male-limited Y chromosome is gene-poor, and consists mainly of repetitive junk DNA. Sex chromosomes originate from ordinary autosomes, and similar characteristics among independently evolved sex chromosomes suggest that similar evolutionary forces have shaped their evolution in different lineages [4, 5] .
In particular, the lack of recombination on the Y chromosome is thought to be directly responsible for its almost complete degeneration as observed in multiple old animal Ys. New research reported in a recent issue of Current Biology by Bergero et al. [6] and Chibalina et al. [7] suggests that plant sex chromosomes may follow a different evolutionary path. Unlike animals, separate sexes are rare in plants [8, 9] . Instead, male and female reproductive functions in most land plants are found within a single individual (i.e., plants are co-sexual). Only a small number of plant species (about 6%) have evolved separate sexes (dioecy), and dioecy shows a scattered taxonomic distribution [8, 9] . This suggests that cosexuality is the ancestral condition in land plants. Dioecy has evolved recently and independently in plants, and is sometimes associated with the emergence of heteromorphic sex chromosomes [8, 9] .
The first step in the evolution of sex chromosomes is the acquisition of a sex-determining function on a former autosome (genetic sex determination).
If genetic sex determination arises in a cosexual species, like is the case for most plants or some animals, a likely path for the evolution of separate sexes and sex chromosomes would require sterility mutations at two loci [10] , and selection would operate to suppress recombination between the proto-sex chromosomes (see Figure 1 for details).
A consequence of a restriction of recombination between the nascent sex chromosomes is that the male-limited Y chromosome is completely sheltered from recombination, while the X chromosome can still recombine in females. The lack of recombination on the Y sets the stage for its subsequent degeneration [4, 5] . In particular, several evolutionary models have been proposed to explain the degeneration of non-recombining chromosomes. Selection at one locus can interfere with purifying selection at a linked locus and, on a non-recombining proto-Y chromosome, 100s of genes may be completely linked. Thus, the efficacy of purifying selection can be greatly reduced, and deleterious mutations might accumulate. Deleterious mutations include subtle changes at protein-coding genes, such as amino-acid mutations, or mutations in their regulatory regions, or more severe changes, such as frameshift mutations or stop codons. Over long evolutionary time periods, this accumulation can lead to the pseudogenisation of many genes on the Y, causing its almost complete degeneration. Y degeneration is normally accompanied by an accumulation of repetitive junk DNA, as observed on ancestral, gene-poor Y chromosomes of animals [2, 3] .
Investigations of neo-sex chromosomes in Drosophila have shown that non-recombining regions begin to degenerate quickly, once recombination ceases [11] . The D. miranda neo-Y was formed by the fusion of an autosome to the ancestral Y about 1 MY ago, and has since been transmitted without recombination. Indeed, this neo-Y chromosome has lost a substantial fraction of its ancestral genes; almost half (over 1,000) of the genes initially present have either become pseudogenized or are completely missing [11] , and most remaining genes are expressed at lower levels from the neo-Y [12] . Further, the neo-Y chromosome shared by members of the D. pseudoobscura subgroup stopped recombining about 15 MY ago, and virtually none of the initially w3,000 genes present on the ancestral chromosome remain [13] . This suggests that Y chromosomes degenerate quickly in animals.
The two recent studies published in Current Biology concern a recently formed plant sex chromosome and the studies' authors find that gene loss on plant Y chromosomes may be retarded relative to animals [6, 7] . Silene latifolia, the white campion, has a sex chromosome that was formed only about 10 MY ago, and has long been a model system to study sex chromosome evolution in plants. Until now, however, less than 20 sex-linked genes had been isolated [14, 15] . Using next-generation sequencing techniques, Bergero et al. [6] and Chibalina et al. [7] both identified over 400 new genes from the S. latifolia sex chromosomes, allowing a comprehensive investigation of the Y chromosome in this species [6, 7] . Both studies report that a large fraction of genes are still functional on the Y chromosome of S. latifolia, and estimate that at most 20% of all ancestral genes have been lost from this relatively young Y chromosome.
Thus, it seems surprising at first that the older S. latifolia Y chromosome has many more active genes than the D. miranda neo-Y, which stopped recombining only about 1 MY ago. This could indicate a general difference in the evolutionary dynamics of Y evolution between plants and animals, with plant Y chromosomes degenerating much more slowly [6, 7] . In animals, haploid Y-bearing cells (i.e., sperm) show very limited gene expression, while haploid male gametophytes of diploid plants Figure 1 . Path for the evolution of separate sexes and sex chromosomes from a cosexual ancestor. One autosome acquires a recessive male-sterility mutation and its homolog acquires a dominant female-sterility mutation. This generates a proto-X/proto-Y chromosome and the population would transition through a stage where both cosexuals and females are present. A recombination event could place both sterility mutations on the same chromosome, and would generate sterile individuals. Thus, there is strong selection to restrict recombination between the male-sterility and female-sterility mutation on the proto-sex chromosomes. The non-recombining region can increase gradually if other mutations with sex-specific fitness effects accumulate on proto-sex chromosomes. A lack of recombination results in Y-degeneration, and an accumulation of repetitive junk DNA, which can result in an increase of the size of the evolving Y. Large segments of non-functional DNA can be deleted in old Y chromosomes, and reduce their physical size.
(i.e., pollen) express many genes. Thus, non-functional Y-linked genes in animals are generally not expressed in their haploid stage, and sheltered by their homolog on the X in diploid cells, while no sheltering occurs in haploid Y-carrying gametophytes of plants. This could result in stronger selection pressure to maintain Y-linked genes in plants, and retard or prevent their degeneration. Indeed, Chibalina et al. [7] find that genes expressed in pollen have significantly lower rates of protein evolution, consistent with stronger purifying selection on genes expressed in the haploid gametophyte.
While Y chromosomes of plants may not degenerate to a similar extent as observed in animals, there is clear evidence of degeneration at several plant Y chromosomes, including Silene [8, 9] . The S. latifolia X and Y chromosomes are morphologically distinguishable, with the Y being significantly larger than the X [14] . This is probably caused by an accumulation of repetitive DNA, and several studies have found an increased abundance of transposable elements on the Silene Y [14, 16] . Also, YY plants are non-viable, suggesting that severely deleterious mutations have already accumulated on the S. latifolia Y chromosome [14] . Further, analysis of the newly identified sex-linked genes shows that rates of protein evolution are elevated for Y-linked genes compared to their X-linked homologs [6, 7] , and levels of gene expression are significantly reduced at Y-linked genes. These are all signatures of a reduced efficacy of natural selection on the non-recombining Y chromosome of S. latifolia, and similar signs of degeneration have been reported in other plant species with recently evolved Y chromosomes [8, 9] . Thus, plant Y chromosomes undergo chromosome-wide degeneration, but they might not degenerate as completely as animal Y chromosomes, or they might do so at a slower rate.
Several phylogenetic groups of animals, such as mammals or different insect clades, share an old, genetically inert Y chromosome with only few genes left [2, 3] . The lack of such old and highly degenerate Y chromosomes in plants so far studied probably reflects the fact that dioecious species in plants appear to be short-lived [17] . Thus, the lack of old, gene-poor Y chromosomes in plants might be a consequence of a lack of old dioecious clades with sex chromosomes, rather than being an indication of old Y chromosomes not fully degenerating in plants.
Also, it is not clear yet whether rates of degeneration differ greatly between animals and plants, as might be expected under the sheltering model of animal Y evolution. The best-studied young Y chromosome in animals to date, the D. miranda neo-Y, was formed more recently than the S. latifolia Y in absolute time (1 MY ago vs. 10 MY ago). However, more relevant for evolutionary considerations is the number of generations the Y has been transmitted without recombination, and Drosophila has a shorter generation time. The two Y chromosomes have been sheltered from recombination for a more similar number of generations and rates of synonymous protein divergence between X-and Y-linked genes are comparable in S. latifolia (2.5-10% for most genes [7] ) and D. miranda (1-7% [11] ). Thus, the Silene Y appears only slightly older than the D. miranda neo-Y.
Also, these two species might differ in several other important parameters that influence the rate of Y degeneration, such as the number of genes present on the non-recombining Y segment. In D. miranda, the neo-Y chromosome was created by a single chromosomal fusion, and all w3,000 genes stopped recombining simultaneously [11] . In S. latifolia, the number of genes on the sex chromosomes is not known (but estimates suggest roughly 4,000 genes), and a previous study suggested that recombination ceased in a step-wise fashion along the sex chromosomes [15] . This would render a much smaller number of genes non-recombining at once, and may slow down processes of Y degeneration considerably [18] .
Finally, the evolutionary dynamics of the neo-sex chromosomes in Drosophila is somewhat special compared to a de novo evolving Y chromosome. In particular, a neo-sex chromosome in Drosophila is created in a genome with an ancestral sex chromosome, where a dosage compensation mechanism is in place. Dosage compensation -the upregulation of X-linked genes in male fruit flies to compensate for reduced gene dose of X-linked genes in males -operates on large genomic regions and up to several 100 adjacent genes on the X may be compensated simultaneously [19] . Thus, a region may become dosage compensated on the neo-X, even if most homologous neo-Y genes are not yet degenerated. Indeed, the former homologs of the neo-Y chromosomes have acquired partial (D. miranda) or full (members of the D. pseudoobscura subgroup) dosage compensation. Thus, the evolution of dosage compensation in D. miranda has probably contributed to more rapid degeneration of its neo-Y, and no evidence for dosage compensation was found in Silene [7] . In order to directly compare rates of Y degeneration in animals and plants, we need to look at animal systems that have evolved sex chromosomes de novo. Such research is currently being undertaken in various taxa, including several fish species that have evolved sex chromosomes very recently [20] . These comparisons promise to provide further insights into the evolutionary pressures operating on plant and animal Y chromosomes, and may reveal potential differences in their evolutionary dynamics. Chromosome segregation is a mechanical process, and the spindle generates, and is subject to, mechanical force. A recent study probes how the mechanical architecture of the spindle allows it to maintain mechanical integrity despite these forces.
Sophie Dumont
The spindle is a dynamic, self-organizing microtubule assembly whose function is essentially mechanical: to physically segregate chromosomes. The spindle generates forces using motor proteins and microtubule polymerization dynamics, and it also responds to forces, for example to position its poles and chromosomes relative to each other [1] , and ultimately to segregate chromosomes [2] . The spindle self-assembles from a long parts list every time it is needed, forms a long-lived mm-scale structure using short-lived nm-sized parts, and is able to reorganize itself to self-repair and correct chromosome attachment errors. How does the spindle maintain its structural integrity and function while being subject to forces, and while being such a dynamic and adaptable machine? The spindle's material properties are at the heart of this paradox -a paradox that has puzzled me since I first heard all that a spindle can do. We now have a near complete list of spindle molecules [3, 4] and have made much progress in understanding their nm-scale dynamics and mechanics. However, our understanding of the emergent properties of the whole assembly, i.e. mm-scale integrated spindle architecture and mechanics, is still poor, making it difficult to bridge the nm-and mm-scale activities of chromosome segregation.
Spindle function relies on both active and passive mechanical forces, but only the former have been much studied. Molecular motors and microtubule dynamics consume fuel (ATP and GTP, respectively) to actively generate piconewton forces per molecule. These have been the subject of much investigation at the single molecule level [5, 6] . How motors and microtubules act collectively, to generate nanonewton forces and mm-scale movements, is much less understood. How an object responds to force depends on its material properties, specifically its viscosity and elasticity. These properties manifest as opposing responses to deformation: they constitute passive molecular forces that are generated in response to, and tend to oppose, active force generators. Compared to homogeneous polymer solutions, biological assemblies (active matter) have a much richer set of nanoscale components and interactions -and their bulk material properties reflect this richness. The viscosity and elasticity of biological assemblies stem from specific dynamic molecular interactions, such as bonds between polymers and crosslinking molecules, and these interactions can be tuned by evolution, and can thus exhibit complex temporal and directional dependencies. Probing the material properties of the spindle is technically very challenging, and spindle viscosity and elasticity have been largely ignored: we know neither their magnitudes, nor the molecules responsible for them.
In a recent study, Shimamoto et al. [7] developed an elegant approach to measure the spindle's material properties and identify their dominant architectural determinants. The authors measured the deformation of the spindle to different externally applied forces, and from this extracted the spindle's viscosity and elasticity [8, 9] . These measurements were performed on spindles assembled in Xenopus egg extracts, a model cytoplasm that maintains the physiological milieu characteristic of egg cytoplasm, i.e. a living cell-free system. This system allows physical access to the spindle without having to penetrate the plasma membrane, as well as easy biochemical and chemical perturbations. By repeating their physical perturbationresponse studies in different molecular backgrounds, the authors could thus begin to relate viscosity and elasticity to known spindle molecules. To mechanically perturb the spindle, the authors skewered two microneedles into it ( Figure 1A ): a stiff needle was programmed to move the spindle in a given direction at a given velocity, while a flexible needle reported forces exerted by the spindle in response to this perturbation. The stiffness of the flexible needle was calibrated such that its bending, measured via imaging, could be mapped to force. Forces up to two nanonewtons were applied. Nanonewtons is an appropriate force scale for a large assembly like the spindle, which consists of thousands of molecules that can each produce piconewton-scale forces. Indeed, this is the force scale required to stall chromosome movement [10] . Roughly speaking, the steady-state bending amplitude of the flexible needle
